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The values in columns 10a and 10& are for use in the variable temperature
Eqs. 36 and 37.15 Values of I needed for constructing column 11 are computed
from Eq. 8.

The values in columns 12 to 19 all appear in the arch equations. Their
derivation is evident. Each item of column 18, including the total, is equal to
the difference between the corresponding items of columns 10 and 17; hence
column 18 may be omitted if desired. Values in column 20 represent voussoir
water loads and are obtained by multiplying scaled values of the voussoir
lengths at the upstream face by the unit water load. These loads are represented
on the drawing by their concentrated resultants, but in computing moments
and forces, their distributed nature is considered.

The water loads must be resolved into x and y components for arithmetical
summation. The water pressure is normal to the upstream face. The slight
angle between this face and the axis near the abutments is ignored and the
components Py and Px, columns 21 and 22, are computed as though the water
forces were radial to the arch axis curve. If the arch thickness varies rapidly,
the actual angles of the forces should be used. If there are other loads in addition
to the normal water loads, their components are included in columns 21 and 22,

An arbitrary horizontal load, designated as Hi and applied at the crown,
may be included in column 22 to keep the computed cantilever moments, due
to external loads, as small as practicable. This reduces the number of signifi-
cant figures required in terms involving moments and is particularly helpful
where computations are made by slide rule or graphically. If the arch is cir-
cular, or nearly so, an approximate value for HI may be obtained from Eq. 1.
If the arch is not circular, an approximate value of HI may be assumed or
determined graphically. (See Art. 230.)

For the present example Hi will be computed by inserting rc in Eq. 1, thus:

Hi = 62.5 X 70 X 100 = 437,500 Ib

This value is entered in column 22 as a horizontal crown force.

Values of Py are summated in column 23. These summations represent
accumulated y components of the water load to the ends of the voussoirs and
are recorded in the intermediate spaces.

Values of Px are similarly summated in column 26. The x components of
P (in this example) are opposed in direction to Hi and must be subtracted.
(See Art. I4e for a system of algebraic signs.)

Values of ME are computed by the theorem that the moment at any point in a
beam is equal to the moment at a previous point, plus the shear at the previous point
times the distance between the points, plus the moment of intervening loads. This
theorem can be applied to the accumulated load components separately by
using As and A$/ as distances. Values of *LPy in column 23 are multiplied by
Ax and recorded in column 24, giving moment increments for SPy. The sum-
mations of these values, column 25, represent moments at various voussoir
centers due to Ptf. Values of Ay2Px are similarly recorded in column 27 and
summated in column 28. The total moment at the center of any voussoir, due

15 The variable term (1-0.5 t/r} is taken as unity in this example.